Halite crystals were selected from a 186 m subsurface core taken from the Badwater salt pan, Death Valley, California to ascertain if halophilic Archaea and their associated 16S rDNA can survive over several tens of thousands of years. Using a combined microscope microdrill/micropipette system, fluids from brine inclusions were aseptically extracted from primary, hopper texture, halite crystals from 8 and 85 metres below the surface (mbls). U-Th disequilibrium dating indicates that these halite layers were deposited at 9600 and 97 000 years before present (ybp) respectively. Extracted inclusions were used for polymerase chain reaction (PCR) analysis with haloarchaea-specific 16S rDNA primers or placed into haloarchaea culture medium. Enrichment cultures were obtained from 97 kyr halite crystal inclusion fluid and haloarchaea-containing prepared crystals (positive controls), whereas inclusions from crystals of 9.6 kyr halite and the haloarchaea-free halite crystals (negative controls) resulted in no growth. Phylogenetic analysis (16S rDNA) of the 97 kyr isolate, designated BBH 001, revealed a homology of 100% with Halobacterium salinarum . DNA-DNA hybridization experiments confirmed that BBH 001 was closely related to H. salinarum (81-75% hybridization) and its ascription to this haloarchaea species. The described method of retrieving particle-containing brine from fluid inclusions offers a robust approach for assessing the antiquity of microorganisms associated with evaporites.
Introduction
A variety of microorganisms have been isolated from salt deposits by enrichment of aseptically crushed halite crystals (Dombrowski, 1960; Norton et al ., 1993) . Rigorous surface sterilization and controls precluded the possibility of laboratory contamination and demonstrated that the isolates were endolithic. Bulk sampling methods cannot determine, however, whether cultured microorganisms were derived from primary or secondary fluid inclusions or from intercrystalline grain boundaries or intracrystalline fractures. Incontrovertible claims of antiquity can only be made for halophiles isolated from single phase, primary fluid inclusions in radiometrically dated salt crystals. Consequently, assertions of viable ancient halophiles (Dombrowski, 1960; Norton et al ., 1993) have been difficult or impossible to verify. Even with the rigorous surface sterilization procedures and use of sterile drill bits to breach brine inclusions , there have been a number of concerns expressed over the integrity of the crystal studied (Hazen and Roedder, 2001 ) and the lack of genetic differences between modern and ancient microorganisms (Graur and Pupko, 2001; Nickle et al ., 2002) . As a means of achieving greater specificity in the isolation of endolithic haloarchaea from brine inclusions, this report presents the development, evaluation, and application of a method for extracting microorganisms from single phase, primary fluid inclusions, while under direct microscopic surveillance.
The impetus for the development of this in situ extraction approach is twofold. First, it aims to reduce the opportunity for biological contamination by bacteria introduced into the crystal structure via microscopic fissures. For bulk crushed salt samples, crystals must be immersed in sterilization and wash solutions several times for surface sterilization before enrichment. This induces dissolution of the salt and potentially kills targeted endolithic microorganisms in addition to external microorganisms. Drilling into the interior of salt crystals with a sterile drill bit, and extracting bacteria directly from fluid inclusions, reduces the possibility of contamination by exogenous bacteria. Second, the in situ extraction approach offers enhanced specificity over the bulk sample crushing technique. In situ extraction enables the isolation of microscopically detected cells or cell-like particles from primary fluid inclusions as opposed to har-vesting an assortment of cells from random locations within the crystal, some of which may represent secondary or leaked fluid inclusions or fractures formed at some time following deposition. Furthermore, the absence of a vapour bubble in single-phase brine inclusions in salt indicates that the inclusion is sealed to the atmosphere, otherwise the brine would evaporate. Once extracted, the microorganisms from the inclusions can be cultured or their DNA amplified by PCR. The successful retrieval of microorganisms or biomolecules from brine inclusions in salt of geological ages facilitates the application of this technology to low temperature aqueous, gas and petroleum inclusions trapped in carbonates and silicates from a variety of geological settings. We report herein the isolation of a haloarchaeon from a 97 000 ybp brine inclusions using this method. Through the analysis of its 16S rDNA, it was found to be a member of the species Halobacterium salinarum . Further biochemical and physiological assays provide additional evidence that this isolate was not a contaminant.
Results

Visualization of microparticles within fluid brine inclusions
Microparticles (particles that have similar size and shape of bacteria) in the inclusions were detected microscopically in the positive controls and in the halite from the positive control crystals, and the 8 m and 85 m depths of the Badwater halite core (Fig. 1A-C) . No microparticles were detected in the negative control crystals (Fig. 1D) . The frequency of microparticles in the Badwater crystals decreased with depth. For each 25 mm 2 by 0.8 mm thick sample mounted on a petrographic slide, there were only 8-9 inclusions that contained microparticles. The selective extraction of inclusions that contain microparticles was assumed to increase the likelihood of recovering microorganisms and/or their DNA.
Sensitivity of haloarchaeal PCR
The sensitivity of the haloarchaeal PCR for halophilic archaea was determined by dilution. After a direct microscopic count of microbial cells, a pure culture that had been previously isolated from Laguna Grande crystals, was diluted to known concentrations of cells and 0.5 m l of selected dilutions were assayed by using haloarchaeal specific PCR. The detection limit, as defined by a visible band, was determined to be approximately 14 cells/0.5 m l of inclusion fluid (Fig. 2) . Unfortunately, this quantity of cells is probably insufficient to detect archaea in the individual inclusions that occur in crystals formed in situ based on the number of particles observed in most of the inclusions. Typically, one to three microparticles were observed in particle-bearing inclusions with the exception of the surface salt where some inclusions contained as many as 20 particles. In addition, if inclusion fluid volumes greater than 0.5 m l were used, NaCl inhibited PCR at concentrations greater than 40 mM.
Culturing and identification of microorganisms entrapped within inclusions
An alternative to PCR for confirming that the particles in the inclusions are archaea is to culture them in medium designed for the growth of extremely halophilic archaea. Of the inclusions scanned in the mounted 8 m and 85 m samples, one each, containing microparticles, was used the inoculum. An inclusion from a positive control crystal was also used. Growth, as evidenced by an increase in turbidity of the culture and confirmed microscopically, occurred in enrichment medium inoculated with inclusion brine particles from the 85 m Badwater sample and from the positive control. No positive enrichment developed from the 8 m inclusion, even after six months of incubation. This result was not unexpected as it is recognized that only a small percentage of environmental microorganisms can be cultured in the laboratory (Amann et al ., 1995) . In addition, not all fluid inclusion particles are likely to be of microbial origin and of those that are only a small percentage may be viable. Preliminary PCR on the culture from the 85 m Badwater sample, using the haloarchaeal primers 41F and 338R, revealed that the organism(s) cultured from this inclusion were halophilic archaea (Fig. 3) . This culture was found to be pure and was designated BBH 001. Inclusions from the positive and negative controls along with a Badwater surface evaporite inclusion sample containing microparticles were also analysed. 16S rDNA PCR products were obtained from the BBH 001 culture and from the direct amplification of a microparticle-containing inclusion from the positive control crystal. These results are consistent with the previous results demonstrating that a visible PCR product was obtained only when a sufficient number of cells were present (Fig. 2) . The amount of PCR template from the BBH 001 culture or the positive control contained more than 10 haloarchaea whereas the negative control (no microparticles) and the inclusion from the Badwater surface crystal (range from one to 10 microparticles) templates did not have sufficient cells to produce a PCR product. The archaeal phylogeny of the BBH 001 culture was confirmed by sequencing of its 16S rDNA gene. This 1239 bp sequence was found to be identical to that of Halobacterium salinarum (formerly H. halobium ) (Mankin et al ., 1985; Ventosa and Oren, 1996) . However, when strain BBH 001 was grown under the same conditions as H. salinarum , the cultures have different appearances suggesting that the isolate was a different strain and not a contaminant. Strain BBH 001 formed clumps as it grew in liquid medium whereas H. salinarum did not. In addition, strain BBH 001 formed colonies that were more intensely red than H. salinarum on the HM solid medium. The isolate was characterized further to compare the phenotypic characteristics between the type strain and the brine inclusion isolate. 
Phenotype characterization of strain BBH 001
Overall, the phenotypic characteristics of strain BBH 001 agreed with previously published characteristics of the type strain of H. salinarum (Table 1) . Interestingly, the isolate did not possess decarboxylase activity against lysine or ornithine. Moreover, strain BBH 001 did not possess oxidase activity. In addition to the tests listed on Table 1 , the ability of strain BBH 001 to use various carbon sources was assayed. The carbohydrates tested included: D -glucose, lactose, D -mannose, gluconate, sucrose, cellobiose, L -arabinose, D -fructose, D -galactose, D -ribose and D -xylose. None of these carbohydrates supported growth by either strain BBH 001 or H. salinarum DSM 671 . This is also in agreement with previously published reports (Grant, 2001; Oren, 2002 
Discussion
A haloarchaea culture was isolated by microscopic retrieval of the microparticles within a brine fluid inclusion. The isolated organism, strain BBH 001, is clearly a member of the species Halobacterium salinarum . Strain BBH Oren (2002) . b. Not reported. c. Grant (2001) .
001 has a DNA homology >70% with other strains of Halobacteria and a 100% similarity with the 16S rDNA sequence for H. salinarum DSM 671. There are however, a number of differences between strain BBH 001 and H. salinarum (Table 1) which includes strain BBH 001's lower upper temperature limit, lack of lysine and ornithine decarboxylase, and its inability to oxidize 2,3,5,6-tetramethyl-rphenylenediamine (TMPD). Though the strains share identical 16S rDNA, these other phenotypic characteristics indicate that they represent different strains of the same species. Dombrowski (1963) first suggested the use of a micromanipulator to isolate individual bacteria and grow them in culture. However, Dombrowski (1960 Dombrowski ( , 1963 and others Stan-Lotter et al., 1993; Vreeland et al., 1998) focused on surface sterilization and dissolution of evaporite crystals to retrieve entrapped microorganisms. In subsequent studies, there have been a number of refinements. Throughout, ethanol was used to surface sterilize masses of crystal before dissolution in either NaCl solutions or growth media. Fish et al. (2002) used a 532-nm laser to carefully cut slices of halite for analysis by using laser ablation microprobe-inductively coupled plasma-mass spectrometry. However, they immersed halite chips in 100% ethanol and after burning off the alcohol, extracted the DNA that was present. Improving upon the use of ethanol, Rosenzweig et al. (2000) outlined a protocol that used a series of washes in 10 M NaOH and 10 M HCl that decreased the number of bacteria in a pure culture from 10 7 to <10 CFU ml -1
. By using this surface sterilization method, they extracted a Bacillus species, strain 2-9-3, from a fluid brine inclusion from a Permian halite crystal . During the extraction process, the surface-sterilized crystals were held in a pinch clamp and penetrated with a drill-bit operated with a micromanipulator. This was done under normal visualization, not under microscopic observation.
Once an inclusion has been identified as possibly containing bacteria, it can be breached with a sterilized drill bit under microscopic supervision. By identifying inclusions containing microparticles, it is possible to eliminate those that do not have entrapped microorganisms or those where the organisms have lysed or otherwise degraded. Along with surface sterilization, the area containing the inclusions is microscopically examined. As the drill bit penetrates the evaporite, the operator can see if there are any microscopic fractures or bacteria that could be introduced by these fissures. If microparticles were found within the halite matrix, the drilling does not proceed. Thus far, we have not observed microparticles within the solid portion of halite. The brine extraction with the micropipet is also observed microscopically. The ability to select inclusions, to breach them, and withdraw the fluid brine all while under microscopic observation makes our method more fastidious than previous methods. This is evidenced by the lack of microbial growth from inclusions retrieved from the negative control crystals while growth occurred from retrieved inclusions from crystals containing haloarchaea and the identification of a separate strain of H. salinarum extracted from a 97 Kyr halite crystal.
Saline environments can harbour dense populations of haloarchaea. As evaporation occurs in these environments, evaporite deposits are formed. These evaporites, such as halite, entrap the microorganisms present during crystal formation (Norton and Grant, 1988) , thus preserving a portion of the microbial population. If recovered evaporites remained undisturbed and their pattern of fluid inclusions verifies that they are primary crystals and not secondary, then the microbes that are found within the inclusions can be considered as the organisms present in the original environment or their direct descendants. With time, entrapped cells under starvation conditions exhibit an initial rapid decline in viability followed by a much slower decrease in viability (Amy et al., 1993; Kieft et al., 1997) . By focussing on retrieving brine fluids that contain microparticles, the odds of cultivating these infrequent surviving cells should be greatly improved. However, there are limitations on the viability of the microorganisms that remain entrapped and this may be evidenced by the lack of establishing a culture from the microparticle in the 9.6 Kyr crystal. It is known that DNA is spontaneously damaged due to oxidation and depurination due to hydrolysis (Lindahl, 1993 ). Yet, there would be low O 2 concentration and water activity within the evaporite crystals thereby reducing the rates of DNA degradation due to hydrolysis and oxidation. For instance, there is a five-to 10-fold reduction of depurination at high ionic strengths (Lindahl, 1993) . Within the evaporite crystals, the saturated brine solution within the inclusions and the high intracellular K + concentration (5 M) of the haloarchaeal cells offer protection against depurination. However, the presence of 40 K in the brine and in the cells can result in ionization damage to cellular components though for periods shorter than 10 9 years this is thought to be minor (Sneath, 1962) .
Being able to retrieve these entrapped microorganisms under microscopic observation greatly minimizes the possibility of contaminant microorganisms that are more problematic when using bulk evaporite samples that have been subject to surface sterilization. Additionally, it allows the unambiguous establishment that a given cultivated organisms was associated with a primary inclusion as opposed to inclusions formed from post depositional dissolutionprecipitation features. This method can be utilized for the retrieval of modern to very ancient microorganisms if they are present in terrestrial samples or possibly to samples obtained from other extraterrestrial bodies that possess evaporite deposits without retrieving contamination artifacts.
Experimental procedures
Source of halite samples and archaea
Samples of bedded salt were obtained from a 186-m core taken from Badwater salt pan, Death Valley, CA, USA, courtesy of Dr T. Lowenstein, Binghamton University, USA. Utilizing stable isotope analyses of the primary brine inclusions from the bedded salt deposits in this core and U-Th disequilibrium ages for the bedded salt, Li et al. (1997) reconstructed the paleoclimate of Death Valley for the past 200 kyr. Halite crystals of bedded salt from the top of the core (formed within the last few years), from 8 metres depth (deposited at 9600 ybp) and from 85 metres depth (deposited at 97 000 ybp) were collected. For comparisons with recent salt crystals, samples were also obtained from a surface brine lake, Laguna Grande de la Sal, near Carlsbad, New Mexico. In addition to studying halite crystals that formed in situ, halite crystals were also produced in the laboratory with and without the addition of haloarchaea. These crystals were made by placing a sterile, saturated NaCl solution, 33-35% wt/vol NaCl, into a 60 ¥ 15 mm Petri dish and allowing the water to evaporate in a laminar flow hood. Crystals that contained haloarchaea, previously isolated from dissolved Laguna Grande de la Sal surface samples, were made by amending the saturated salt solution with a washed cell suspension of organisms as described by Norton and Grant (1988) . Halobacterium salinarum DSM 671 was obtained from the DSMZ culture collection and used for comparative purposes.
Extraction of brine from halite inclusions
Using undiluted ethanol as the preparative media, halite crystals were sectioned to a thickness of 0.8 mm, polished, and mounted on glass slides. After mounting, the inclusions in the crystals were identified microscopically and examined for the presence of microparticles. Once identified, those inclusions that were larger than 100 mm, contained microparticles, but no vapour bubble were breached and the brine extracted. A stand that held a microdrill and an ultra micropump (World Precision Instruments) was positioned over an inverted microscope (Olympus model CK2) so that the inclusions, drilling, and extraction activities could be visualized with a CCD camera (Hitachi Denshi model KP-MI) connected to a video monitor (Sony Trinitron) (Fig. 4) . The microdrill was custom-built with a 3 volt D.C. miniature motor powered by a regulated power supply (Elenco, Model XP-620) and had a 0.1-mm micrograin carbide drill bit (Minitool). The micropump consisted of a micro syringe pump controller (World Precision Instruments) and 25 ml syringe with 2 mm aperture pipette tips (World Precision Instruments). The position of the microdrill and the micropump was controlled by a micromanipulator (World Precision Instruments). The microdrill was positioned directly above the selected inclusions and allowed to penetrate slowly into the crystal until the inclusion was breached. Once breached, the drill was removed from the stand and the micropump was installed above the crystal. The micropump was positioned so the pipette tip made contact with the breached inclusion. Once positioned, the inclusion brine was aseptically withdrawn. The extracted brine was placed into sterile, capped 0.2 ml PCR tubes or directly into 1.0 ml HM medium (Norton and Grant, 1988) for the enrichment of extreme haloarchaea.
PCR-amplification of 16S rDNA from halophilic archaea
The volume of brine recovered from halite inclusions was typically very small, 1-2 ml. This small volume is not conducive to DNA extraction and purification so efforts were concentrated on performing PCR directly on the inclusion brines. To determine the limits of detection for the haloarchaeal PCR, a cell count was made on a pure haloarchaeal culture by using a haemocytometer. The cells were serially diluted to known concentrations by using an artificial brine (4 N NaCl). It was determined that a volume of 0.5 ml or less of the brine Fig. 4 . Photograph (A) and diagram (B) of the microdrill/micropipet system consisting of an inverted microscope fitted with a microdrill and a micropipet. The parts labelled on the diagram are: A, power supply for CCD camera; Ba, regulated power supply for microdrill; Bb, custom built drill; Bc, foot control for drill; C, inverted microscope; Da, ultramicro-pump and holder of microsyringe or microdrill; Db, micromanipulator; Dc, microsyringe pump controller; E, camera adapter for inverted microscope; F, CCD camera; G, fibre optic light source; H, video monitor; I, laminar flow hood.
did not inhibit PCR. Reaction conditions for PCR were: 0.5 ml inclusion fluid or culture fluid, 38.5 ml water, 5 ml 10¥ GeneAmp PCR buffer (Perkin Elmer, Foster City, CA), 50 mM each dNTP, 400 nM each primer, and 2.5 U AmpliTaq DNA polymerase, LD (Perkin Elmer, Foster City, CA) in a final volume of 48.5 ml. The haloarchaea-primers, 41F (CUACUACUAC UACGATTTAGCCATGCTAGT) and 338R (CAUCAUCAU CAUCAGTGTAAAGGTTTCGCG) were designed with uracil tails so that amplification products can be cloned into the Gibco/BRL CloneAmp system (Life Technologies, Gaithersburg, MD). Primers and template DNA were 'hot-started' at 85∞C with a GeneAmp PCR system 9600 thermocycler (Perkin Elmer, Foster City, CA) before the remaining reaction components were added. After the 'hot-start', the temperature was ramped to 94∞C and held there for 2 min. This was followed by 30 s at 94∞C, 30 s at 47∞C, 1.0 min at 72∞C for 10 cycles, 30 s at 94∞C, 30 s at 60∞C, 1.0 min with 2 s per cycle extension at 72∞C for 35 cycles, 10 min at 72∞C, and a 4∞C 'soak'. The PCR products were checked by agarose gel (SeaKem GTG, FMC), 1.1% w/v in 1¥ TAE buffer, electrophoresis.
16S rDNA sequence analysis of haloarchaea
Inclusion brine isolates from enrichments were subcultured in HM medium at 37∞C overnight or until they became turbid. After growth, one ml of each of these cultures was centrifuged and the resulting cell pellet resuspended in 50 ml water. The resulting slurries were subjected to one freeze/thaw cycle to lyse the cells and the subsequent extract was collected. PCR was run with the haloarchaea primer, 41F and the universal primer, 1392R (CAUCAUCAUCAUACGGGCG GTGTGT[AG]C) using the same temperature profile as above. The PCR products were separated by agarose gel electrophoresis as previously described, however, the resulting DNA bands were removed with sterile scalpels and placed into sterile 1.5 ml microcentrifuge tubes. The DNA in the agarose slices was purified by using a Geneclean II kit (BIO-101, La Jolla, CA). The purified DNA was annealed into cloning vector pAMP1 (Life Technologies, Gaithersburg, MD). Max Efficiency DHa competent cells (Life Technologies, Gaithersburg, MD) were then infected with the transformed plasmids. The plasmids, containing the 16S rDNA genes, were isolated and purified by using the Qiagen plasmid mini kit (Valencia, CA) and sequenced with the ABI Prism dRhodamine terminator cycle sequencing ready reaction kit (PE Applied Biosystems, Foster City, CA). The cloned 16S rDNA insert was sequenced by using both plasmid (M13F: 5¢-CCC AGT CAC CAC GTT GTA AAA CG; M13R: 5¢-AGC GGA TAA CAA TTT CAC ACA GG-3¢), and internal Universal Bacterial 16S primers (519F: 5¢-GTG CCA GCM GCC GCG G-3¢ [E. . The resulting sequences were manually aligned and assembled to produce a 1260 base contiguous 16S rDNA sequence. The resulting sequence was compared to those in the GenBank data by using the BLAST program (Altschul et al., 1990) . The small subunit ribosomal secondary structures were also compared.
Extraction of genomic DNA and determination of DNA base composition
The DNA was extracted and purified by the method of Marmur (1961) . The purity was assessed from the A 260 /A 280 and A 230 /A 260 extinction ratios (Johnson, 1994) . The G + C content of the DNA was determined from the mid-point value (Tm) of the thermal denaturation profile (Marmur and Doty, 1962) obtained with a Perkin-Elmer UV-Vis 551S spectrophotometer at 260 nm. This instrument was programmed for temperature increases of 1.0∞C min -1 . The Tm was determined by a graphic method described by Ferragut and LeClerc (1976) , and the G + C content was calculated from this temperature by using the equation of Owen and Hill (1979) , in 0.1¥ SSC buffer (0.15 M NaCl buffered with 0.015 M trisodium citrate, pH 7.0). The Tm value of reference DNA from Escherichia coli NCTC 9001 was taken as 74.6∞C in 0.1¥ SSC (Owen and Pitcher, 1985) .
Preparation of labelled DNA and DNA-DNA hybridization experiments
DNA was labelled by the multiprime system with a commercial kit (RPN 1601 Y Amersham International, Amersham, England) with deoxy(1¢,2¢,5¢-3 H) cytidine 5¢-triphosphate (Amersham). The average specific activity obtained with this procedure was 8.4 ¥ 10 6 c.p.m. mg -1 DNA. The labelled DNA was denatured before hybridization by heating at 100∞C for 5 min and then placed on ice.
DNA-DNA hybridization studies were performed by the competition procedure of the membrane method described by Johnson (1994) . Competitor DNAs were sonicated (Braun Melsungen, Melsungen, FRG) at 50 W for two 15 s time intervals. Membrane filters (HAHY, Millipore Corporation, Bedford, USA) containing reference DNA (25 mg/cm -2 ) were placed in 5 ml screw cap vials that contained the labeled, sheared, denatured DNA and the denatured, sheared competitor DNA. The ratio of the concentrations of competitor to labeled DNA was at least 150:1. The final volume and concentration were adjusted to 140 ml, 2¥ SSC, and 30% formamide. The hybridization temperature was 58.5∞C, which is within the limits of validity for the filter method (De Ley and Tijtgat, 1970) . The vials were shaken slightly for 18 h in a water bath (Grant Instruments, Cambridge, England) . These procedures were done in triplicate. After hybridization, the filters were washed in 2¥ SSC at the optimal renaturation temperature (58.5∞C). The radioactivity bound to the filters was measured in a liquid scintillation counter (Beckman Instruments, Palo Alto, USA) and the percentage of homology was calculated according to Johnson (1994) . At least two independent determinations were carried out for each experiment and the reported results are the mean values.
Growth conditions
The HM medium (Norton and Grant, 1988) was used to determine the optimal NaCl concentration for growth by varying the NaCl concentration from 2.0 M to 5.5 M. The pH optimum was determined in HM medium by poising the pH from 5.0 to 9.0. Optimal temperature for growth was deter-mined by using HM medium. The requirement for O 2 was determined with solidified HM medium into test tubes. The ability to reduce nitrate was determined by using nitrate broth (Difco Laboratories, Detroit, MI, USA) amended with 200 g l -1 NaCl.
Biochemical and physiological assays
Gram reaction was determined with a Gram stain kit (Difco Laboratories, Detroit, MI, USA). Assays for starch, gelatin and citrate utilization were performed in media (Smibert and Krieg, 1994) that was modified by increasing the NaCl concentration to 200 g l -1 . The presence of DNAse and deaminase was determined by using medium (Smibert and Krieg, 1994) that had a NaCl concentration of 200 g l -1 . The presence of oxidase, catalase, and the production of endospores were determined by following the methods of Smibert and Krieg (1994) . Additional enzymatic tests were assayed by using API ZYM strips (BioMérieux, Marcy-l'Etoile, France). The utilization of individual sugars, alcohols, organic acids, and amino acids were determined by using a minimal medium, M2A (Denner et al., 1994) , supplemented with 10 g l -1 of each carbon source.
Antibiotic sensitivity
Sensitivity to antibiotics was determined by measuring zones of inhibition around antibiotic disks (Becton Dickinson and Company, Sparks, MD, USA) on solid HM medium.
